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Toxicity Effects of Indoor Air Formaldehyde
and their Biomarkers

Yang Xu, Li Rui, Ding Shumao et al,
(Laboratory of Environmental Science, College of Life Science, Central China Normal University,
Wuhan 430079, P. R. China)

Abstract: The six effects of genetic and cancerogenic toxicity. immunotoxicity, irritation and inflammation on eye and
airway, cell oxidative injury, neurotoxicity and gonotoxicity of indoor air formaldehyde on bodies are briefly introduced in
this paper. Then the experimental studies related to the six aspects carried out in our laboratory are outlined after.
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I (formaldehyde, FA ) & % RARERLEEZEAESESY . KA, RIRK,
BA BRI SAE, thER 106, BRR21C. WMEER. WRKN9T, HETK,
H 30% ~40%HI/KEBRR A R/R SR, BEFRA=ZREREN. BRF PRYREREK O
wg/m), IR PRSP IRE LA N 0.005~0.0lmg/m3, —MEAHIL 0.03mg/m3. K FEER]
KT FIMORAIG R, BEBRETRZ ARG KARMAFHAS FRREAEH
AN TE SRR I% o

BEERESFOEERE, AREFKFRIRS, ZEARBOLBAHTNN. EEHTA
&4 T S AT RS A, EEH T RERTEAN AR, SRR EA TR
5 g4 T, KRN REBEAMRREE R TRANEE . REEHRENY), REHKT 60-94%
TR 0 5 ) ) PP VA R R SRR, BTSSR O B SRR N PR PAEARAE (0.08mg/m’)
3-10 fi%, MBI & T P97 A B KT, BT RESEZFKTE.

TR RGN EBRER: () SRERET: A XSEEREXEN )2 BHIFE,
HEERERETZMM T A RBEMIBRARAGER, KRR AR b RS RERESRNA
SRR A ) T A 0 S R TR A AR B 7 A ) PR RSB AT AR B SR, FE R B AR (D) 15
o4 AfUARFEEAEZ A R FEDDREA PREER S (0 e B — M A ML R, HRRE
TR BEER B B AR AL . O) ISHURIER: EA B ARG SIRBEIEESE TR,
ping, A, HARREE. B9, B, BESE, FFEEYS Rk PR AT LARGIA 0.1-4 mg/m?, XFERIK
K AMBE T & T HAR RS R EKE, ANEERTHAELRHEILEYHER. FTd
B TE, HAhyS R LI, O AEEC B8R EBUF L LM BUR Y 2 K brdERY, s
BB T A2 254k AW BE A A KB Suspected human carcinogen); [ERTHR#E WHO 444,
a5 IR B SR 0.lmg/m®, —FHBHMRFRARANAEY BN, 6 HHEERKS T
AWM EPRO=KEEZ S, BATEER AU PR I08E B0 2 T UL A A

BeniH: MxE A" MHEEECCRE (2001BA704B01)
“iE: MRfE#® (Email: dryangxu@public.wh.hb.cn)
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T, X EEHER (SEG BRSSO R RS FRER (BB RBAMSGSE)
I THLERHATERE, AR AP AE R R B E A I AE bs W

EAER, RTERTZIPRNTRHMEATZ. ALREHTF 2001 ELRFRT “SHZ
AHBRREIFTFNEARTIN” 17 EFRFEBOCRE: £ASSE S5 AREEETN
SRS 2001BAT04BO01 () FURED . ARBBIFIUELK, HASETFENAGBBKLRE L. it
BPEREOREIER . RAERGEEM RN, IR ER . ARSI EIG . 2 BN
BHES. ARSORRAAE TR LR EAEEERETRS, FRARGENBRLREHITM
PHRBIFLTAE . EIXBWF Y, RAOTEBER NGRS FROMM BB AR, pEwRE
AHEH0, 1, 3mg/m’ B0, 1, 3ppm (Ippm=1.2 mg/m*).

1. AR BUE/EH

L1 #fEfN
10 B A AR R A R AR L A —. BB R AR T R, R
MEREACE R . HATEE AR, JE T E RS RIS KRR ST SR
HOBh R AR AE . (BRERER AERMHGER M, SRR 3155 AR 0 5 44 U i
A, SUIRE AT AE 2 20 BB ) 55 1) 32 79 A TR RS /K T B 04 L 48 B K SR . i,
K B HRMY T A b o YR F) BRI BRABL (threshold limit values, TLVs) 2 0.37mg/m*™, (B A15¢ )3
2 P RS %K A I A 0.1-4 mg/m’.
AESFEARA SN EEER T PR AN ST Sl EEEmsa K. Rama
MOAORT 4 M4, $84rFA4% DNA (nDNA) FIZRRI{A DNA (mtDNA). HR3EH 3 S HRIRE A4
Mg R, RPTEFBRE AT EOFAE=SRD TR 8252001042 500 5 P i 2y
A e o 3 (AT A, 38 — 2 L RS VR 3R UIL IR DNA 4 FROBE R, TEk 8 B34
SN, 5 e DNA BRI 48 o 3% 1Ak DNA WiZ3 45571 DNA-DNA, DNA- (4 i 5 FAS Bk
PR PRMENBEAINEIF, X DNA 2 FRIEHEEALGRY . SinBRAITFT R, PR
ALY LS (SOD), {F4AE HBmENERA D, EASTHARINE, RESH
DNA 7 FHIE bS5, 31 DNA #HisEsEss,
1.2 AL T
1.2.1 UIFR W9
2000 FELLK, TRATTHFRE Y B MR A A AR L
® FFXTE- A FHLEE: 4N R Y fo i3
(D) MY LR/ A PEE 24 /i MR L8/ TR RN SE . PATESS F6Y,
(2)  ARRSEK/SATRE 72 RS ED A R R AU SIS, PR RBY,
® PFXPE TR THLE: DNA WiZf1 DNA-DNA, DNA-& (9 4 FAr Bt
Q) SR/ TEE | R/ K A RIT A B . PRRESs RBY,
() AHSAER/SATRE | DT et/ A Mk A R S8 PG B,
(5) SRR/ TAETRE | DI RETT R I RS G R R B PR g% B,
(6)  PRHPSER/ AR FHEE 0.5 /NI IRy B/ A\ I R iR AL i B FR SN0 . P 4tk 4% L (B6-B8)
® LA =K FHL: DNA 9 Fra 8 ibing
(M) AR/ ST 72 D EERY /S ORISR SOD JEME: #1545 B 1t 4 582,
(8) AL/ ASTEE 42 /I (6hX7d) BESSHE/ /s 11 UG O BT 5 42 4069 SOD i&E 1.
W FLZEF (Catalase, CAT) viEtE, A MEH KL S11LYIBE (GSH peroxidase, GSH-PX)
MRS HIL (glutathione-SH, GSH) 4 8 : 4 FAM: &5 g BRI
1.2.2 $I4REETT e T
O DFRATIHREBHN P AR/ SRR R LR (XS —H4 T,
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10 A FRATHRLTIN/ PREEBL/SRRAREELR GHE R THLED;

A) A TRATR Y PR R MR A/ M R4 41 SOD #EME (S =K THLED;

0 SFRATREVR/TRERABA/4M GSH FRIE B3 R=K4TFHE).

1.2.3 49hED
,ﬂmzmuﬁﬂﬁﬁkwﬁﬁmﬂmﬁkﬁﬂwﬁ,E*iEEEEE=C)E$¥ﬁ%§

PG @ BAKAIE (CREAME); @ MIATH T4, XA TRTHRERN: @ X

TV RRE, PR, RIRBRAMEIAS: AR RN R S A 8 B 50 ) Tail Moment A1 Tail

DNA%3IX 3 Fhghs & 52 e A B F R AL AT DR EY .

2. RERAH RN

2.1 HHEMAN

Gosls R GENE MAL W R B (SO AL, 80 SN AT A S S Pk B R BEE M BRI
S s AmE], T AR A O Sy ek R AN N T BB AR R N A B B SR R . S
BB REAS TR ASERENEEAFZ . BROSTRN REENE TR Bt
NN, R RE AU AR AT LA A S B A RS AT RN . A DR PR T B, R A
EIR AT LABASET . REANBEHNS G RERAB™ENRREEEZ —.

PRSI TTRME Y EER. © 1 NEEEN; @ HKEAMEHEEINE.

o FHUHER— BREEUR N

BEEMAING, SAFROBSEREERRTRBAMBASE | BHURN, FERINN
e R . FFEER R HUR, LS Mg E R A REKAEAEREETUR, S5
PUASE (BEBREAE) BB PR 1B, BT BME ALY B b4 &2 ek
BATE, YAGEBREMPUER, XEaRaREE A EARZ R ERK, SB0E % RBNEZE
W AN, BN BRSPS R, S BURM A S A AERY . (BR 1 RdEUR
1 B AL AR B 4 T R A R T SO R AR OB . A RTS8 A F I O B0 o £
w44 AN ET BLEE A i PR R IgE (FA-IgE), A NERA R
FA-IgE. M4t FRBEEET LA | e BURAN E R AR 7 X AT el RIR1G ML BUA RIS .

o HEAMIBEINS

SR R RN R 0 TeE MKERNELEE D BT IER AR d8uAm i A ik
EHUBIE AR AT . IO AGAN, AR R —MREIR, SHFABREEMXRA
Ko PR TR ISR, A AP S R S AR R, RS
FAEEE, AR TGRS BT A R 3. XIURILET LI iR, it At BE
s rp it R I R R — ERRE B, MIARERER —ERKE. AEFREHWCMEA
WA % ] UL B B A R 2 — . B, WHO SCRHEUE™, ] 2.0mg/m’ HI 13
FRE AL BE BALB/c /NEAR, 10K, FK 6 /N, AR EMNDECEA GUed Sl
W IgE S RIEE =M. SAEATENMT AU FBERE L EUER, PLEAEE.

A1 wBIF 2002 4 4 HIRH— TR “ RO BAR” LR FOLEEBL: BA
A R4 T L W BB E A (VR) MR T4 EMBERLAMEE (HSIERERT R,
i) 8 —3 VR {5 S48 RS (FA/VR/Ca’"/SP/ANKR/NO), F=AEAUERIBAEM : T H AT LA (i
AGHERE R IR MUS B 85T VR (F SR RS (FA/VR/Ca™ /IL4/IgE), ENLAF=4 “3
A BT RE. BRERIAGAN IL4 2 FERMMN, RNAR IgE BENIRE. EIREK

ﬁﬁﬁﬁ@ﬂﬁﬁ(ﬁ§$ﬁ$ﬁﬁﬁﬂﬂﬁwﬁﬁ)Wﬁﬁﬁ%ﬁﬁ?-ﬁﬁﬁ%ﬂﬁﬁﬁ%
P,

22 ALRFMTAE
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22.1 CIFREMBE
CL I R F B AL 35
B35 1 BB N
(1) 43 F-FAT 4 00 /AR P I % /M 5 P A S IE s B %)B PR Mg 1),
(2) 5 F AT 20T 50/ [0 25 P R SR TR A1/ 1 3% R RS S0 1gE S B WIAB PR PR s BV,
Xt SR ML Bk R %
H AT 8 A TR T L5 .

2.2.2 F4RSETTRE MBS

R T ROEALR S ERTHEFAREETH PiFH “TATSTIRELFER
IORE N S T UL TR
2.2.3 S YkrEY

BRI K R RER S IgE 5 PR S RN X RIEAR+ 0 #Y), TTREHFARAS PR %D
BRI bR &Y, (BR MK PR R 1gE TR YA PRSRAFBHBE “BE
EPRREY”, WA O ERAEKNERE: © AEANRMNER; @ RiFFEFRE
F “RMEL AR D EREZ .

KTRMAGRBERBEER “REBADEEY”, ROIERBRYEBINEFREY AT @
3 FREAF A 1gG; @ MK FFRERT S 0E IgM. 20k 3RiY, S0 RS0 PRER B AT
TARERPAMER R E . AN, 2FRERYEBTEEL, INEAS SR, 0. B, &
T iEAN 2 R FRERE S gE ATREHA I “BUNEPksEY” et

B Tk R R S IgE, 1gG AN 1gM RO BN AEYIMRLZ Ah, BRATE RS S A
PO VR R B NSkl . LA 5 Aol L 53 e A B 30300 1) 00405 4 SR A 7 v

3. S AE AR 5 R W

3.0 HHEMA

B ARIMER LR = KENZ —. BRAEFSIRIT, BREEARTERNE
HFHEE+ 22, PRGR RSB SCE AR SR RIS SIS el . A ZEB 8 Uk S
1 PR TR A AR BBORN T £ 43 40 PR B e R A% . 1991 4E S22 % GD.Nielson &
SERR BB AR AE AR — RS2 G AR TR . S5 TGRS B = SR 43 ok
f (CETHER As£T4E) FIMKF B FZ & (Vanilloid receptor, VR) AL —F M2 58 (Affector),
R RN S (Effector). ZEMRRAB MR “2A402Y” (BEFR) BEE, NS
PAESER SR . SOERIE A RIS “ASUERBURSE” R AR IR S PR e
Pé: U7 VR 1ERRSZR, WRIBMAS BEEPRMAB RS, PR RS H I R800
RN, SERN “SUERIBERIL: F- A VR AN, Bl K EFE RS A ALBERESE (VR
messaging system) (FA/VR/Ca’"/SP/NKR/NO) N33 /REALE, BN “ UBHSTM 45",
JF# RA R Y ER &1L (Sick building syndrome, SBS) i % T AL, 2%4) i UR4E (Multiple chemical
sensitivity, MCS) % £ 50 P 20 BHI BRI BMEREAZ —. FE, % GD. Nielson Ei%
HISKICBTSUAIAE RS, R B PR R A T LB O A MO0 . R S0 o Tk o 1 R )
AEDUER S S R R A PUER AL, DR AT G T A Y (O BR R M ST

32 KSR EMTHE
32,1 CIFREMBTSE
RAICE TR MR-
® EFXE- AN B, SE R
(D APESH/ PR Smin ARH0RTR/HR R WGR T+ RZAR AT . PR R 19,
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(2) P9I/ A PEE 72 AN EEA/SD KR4 RUALR VR-mRNA JiHt. PHEESSRET,
o R T ERARAL: ARSI RE
(@) AR/ PR Smin AR5/ B EHEVER SP & RIIR: oML REY,
(4) RPN SER/SA TR 72 ANHERR A (G BUAR SP & Bl R. HoMtEg e,
(5) AR SR/ AA PR 72 AN ERU/SD KR4 R4 VR-mRNA S8 PG R0,
(6) AP SCIS/SA P EE 72 AN R B4 NO SRS I . PR & B,
(1) ARSI/ 308 A AP I B o o 0 A/ T AH A IOl R B3 41 Y r-VR 78 T WS S 0
(R REHSEES ). HIEPH MG RB,
3.2.2 A4REEIT R BT
®) ERER/SAEFR 72 PDEHERREE/SD KRS RIRAL VR-Protein Jl 8 (43458
— i R A4 .«
9) b SIS /A HF R O I R S 24 B/ A HEK 293 40 r-VR BS il M M0E S5 OB A4
SRS ) CEFXTES — A FERELL ),
00 ARHh S0/ A B BP O R IR B 3/ TE A AR TORE IR B 41 il NMDA (N-HEE-D RAER)
BB (R G — A mmE);
A 4y TRATRR TS/ PR R 4/0F S NO WREESIIR (NOA™ 2801 Ml &) +ihizhfik (&t
S T TR R AL, SUEASIRERAE) .
3.23 4PED
e T ABEITHG FOR R AZ 61 R B ARSI, W LA R4 Widr S EE.
@  AAIRFISGREEFESIRATAR. R BRMEIBURIE IR, AN, 80, 65,
B shetedebs, fRMEE, HZEMAREEH.
@  BEHEYEW SP SR LA RERERMERMSIEMSIRMERIEE, RO TEUEREY,
BUR. TAVE, AR THITO TR, B RS AR, PIreE R RE.
@ EHANO T A EREMNESHEMRIENS TEDREY, +o8UR. LA,
SEATREEILTEF, AFTHTS FOLEE, 8 PR NO B4 &5t (30 FARM).
o HTFshi#mEess, WK EKNEYIFEDARE:
@ FHALSP S E: A fRERMERMAIEMSRERIE, B TEUREY, UK,
AHR T8 FHLER: G RRRHR, TIEERAMEARKET.
® WAL NOS F&: A BRREWMABHEERIENS THEDREY, 8UK, FiIrEHR
T4, ARTFERT OB, . 3EOWR AR (40-50 BE, 400-450 3J0); mAFRARE
SEAR A ) AP NOS Rl & (50 B, 350 JT) Bt 2 EFRRE.
® 4142 VR-mRNA £ (RT-PCR) +VR-protein E&: 0. ATAER B 8RO A A0
RUEEWESF, ARTEHETS P, Sia: ALREEEFITIRSE, +958# G1Y
+RT-PCR i3 &: 40T, 2000 JG).

4. RSB

4.1 HEERN

KT A B R A R A UL B DL O SR S T L. 78 I A 4R 4 41 i Ak 40245 A — At
JEB S TAE, ARIERHE A SE R A BB T AR S BN A R 28 B MO fUAL IR G tE R k1T A
.,
4.1.1 4L E 054 ) — oL s A0

AR IEHEE AR ESE - RINEER, eNTWRARKBELRS . H— i, A
FOEFAEENFN RS, HPamns il B8 ELE¥ (Superoxide dismutase, SOD). %
e H Bk # ALY (glutathione peroxidase, GSH-Px). 4L % B8 (Catalase, CAT). A MH T

100



& (Glutathione reductase, GR) % : BAIEH AT : EFERAPEHEK (glutathione-SH, GSH)
Fo FEIEWWRT, BYSRULMPIEI RARIFIETH, FHMN0ESE RGeS EREKE. B
AT G 1 R SNRPE TGN S, B BRI 4 B35 P o 18] 7= 4 38 T BE Rk X —
V. i, PeAERNEE T YRR R RS B4, XY R ERE
WY H R SRR PR R . XA EMERERT, ARSEES G, K
WMER, BRESSBANEEL, EETLUERAMGEEEE.
4.1.2 A RN I PR SUAL R 5 4 R 1B B

RBEERAVLR BN R, EIPRAMSRE OB, O 5. 5. F. 24 J, SEFR
TR B ™ A T REAN M R o500 Fili, EFA0ML: T PR 562 Sk 40 R X AL 4 55 L A 1

42 ALREMTLH
4.2.1 EH RN
BAICL TR B AEE:
()RR AT 42 /M (6hX7d) HEF YL 85// E3 B G .Co T 15 22 4116 SOD 1E 4k -
B PERRAE, 4R (B, B, ) 2514 BEpB-eo,
@) ANER/TEFR 42 /di (6hXT7d) MR L EE/ /) 3 BG40 00 CAT iE 4.
BEGVER T, (R AR &5 R i A B Ess0,
(3) NS/ AATEE 42 /N (6hX7d) BRI S/ 19 B HE 0BT B 52 AL B9 GSH-Px
WEPE: RETETERRIG, BBAEE (0. ) EJA BEHEIR,
() fARPSEH/ A TEE 42 B (6hX7d) HEF Y TE//N 13 RO IHCo BT ' 2 4 (E RS
BEH AR (glutathione-SH, GSH) & #f: 4% (T, L. Wi, B PHMEG REN,
4.2.2 BIGkELIF R OB
(5) 43 FURLAT W9 2 91/ HP I 8 TR 4/ R 41 41 R SOD &4
(6) 7> FURAT W 2E W R/ F B R FR 4/ 21l GSH 4.
423 EVkEY
BAVANA: AT EBEELRMR, EAKEWFEED VLA LRI, R
SRMATEIS, WL ERIBPRRRALZ Ein E48 bt H MOEERS (glutathione reductase, GR)
N "B (malondialdehyde, MDA) %%; S4B Mi{L, £/ Ni%0#E SOD 1 GSH B 6. 45
AR FHER PR S GSH 4564 iR LR, T8 GSH.
RITFABRITHRZEWS, RATUAH © MBI SOD &M, @ 41 GSH &8 £Fimidk
WHE IR EDEED .. BATE ARAEX ARSI RE S0 T .

5. MaFEN

5.1 #PEMRA

£7 KM SRR AT B R RS Y, ST SR AN TAELL, BRIERLS
BUKHR, WiOA%ED, RIZ, WHEMTVEHOSE, SRAMESER, BREBOGS AERKS
FADREDUEL PRGNS HEHED, ERNMTFAP RN, RKRESSHRE (3mg/m®) A[LA -
T/ ARMZEIEEESIZAEAED, Hoh, ERESERRTETUES SD KR4 RE4S
VR-mRNA HUEEPME BERIE, MBRM T HS TGk OSZHHGE B2, g inxes i m
4 FHLEEMAYIER X HAEE.

52 ALRFMITHE

5.2.1 SIFREIKTF
BRACS IR 9T 15
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() FRKR/AEPRE 42 /i (6hX7d) BRI/ BAKRE LR : PFHEGRE,
(@) HAKR/EFE 42 DY (6hX7d) HRPE/DARKAL SOD. GSH-Px. CAT
JEYER GSH & BAtEG REBP
fi)m AR/ ERE 72 R S SD KR4I RS VR-mRNA ##it: PHMES R
5.2.2 U4kSETFRE WS
(4) FRSh ST/ A P S B M v e B/ 35 41 IS 5P £ 40 il NMDAR  (N- ﬁ’ﬁ% D KA &M
) BTBEMELR (BRI,
(5) RN IR/ FRE 72 /NN VR EE/SD K R %) U4 42 NMDAR-mRNA #i #t (RT-PCR);
(6) AR LI/ ATR 72 IR RE/SD kR4 RIGAL NMDAR-Protein i .
5.2.3 £YkED
HFABRATR AT, RAVAAHTAERER “E3 0 mOEiE” f “gizommk”
HIAHNARPRE A AEPRR G . S Fah P B 0 A Wb EW0ERE, RA1AKH SD K %) Bk
HZ VR-mRNA M MBIE TR TR W NS FEDRED . R KM LK AL

SSUERH SD K4 BN 23 NMDAR-mRNA 7] AR AN MER0E, W3 5w dh s # ¢ (
faE K.

6. ‘R

6.1 WM

MGFF KT X B A S LB B ST B D W, ARIBIAT T2, IR A R
BEOM S RAMN B REFRTAXNY, HALEFABNMAY, HEARRRT R, iy
BN R FRER A EY . SHENSIMOLREN, TR/ AR T HHREZTRY,
HAEH TR B EMINA?, BRBEAETR (42 7 84 mg/m®) 20 /BB (2hX10d), B
K RS2 AL S U . XM EN A SEI0 R, RIRBEAUS TR (0.012 #1 1.0 mg/m®), LA
{HHETE R RAAER 14-15%. RIEZEH FASODITRY, FREGEN ML/ B3 8318 A& 60
U RAN B A, REBERRRIANAT (S0 RIS, RERBEAATFREYLE (40ppm), 84 /NI HE (6h
X14d) FRAMNVAEBED 20%;: 57— 0ERRY, FREAEMERTIFULR DNA SR,

6.2 ALREM L
6.2.1 CIFIRMITIS

B RO RAOEH:

() ERKK/ AT 42 /DB (6hX7d) HER BB/ AR A4 SOD. GSH-Px, CAT
WEPER GSH A ft: Btk g 5% B2,

(2) &P LI/ A TR 42 /B (6hX7d) BEFRE//N RS ALYIF . 3050 B 45 BB,

(3) PSR/ A A TEE 42 /Y (6h X 7d) HERL/I (1 BN F o OCRm . PH M4 52182,
6.2.2 HI4ESEIF R MBI

4) RN SR/ A FEE 72 /A ARG/ A BN T4 B 5250 (DNA #145):

(6) ARER/AETRE 72 /MTERV//DARSE ALK T 8-OHIG &t GRF &) W9,

(6) AP35/ SRR 72 /D BEFTR R/ 13 BUREF 3L O A R R % A 8 ) (A0,
6.2.3 XTHEVREED

A BRSO T RAT IR U A BT AP 2R P S B, XM TR — R IR S FF
K. shnB et b, (LR FabR, Pl 8RR FRIE R, ER+04E3NEYED.
H4 FAEYAREMEED. ShRBEAEAS %D 8-0HIG & RAN 7RO A4E it k%, 5
W KPP R H4ZE (Fluorescence in-site hybridization, FISH) #AR. ZAs:3 % H &
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KM LR PR A br S I A S BRI, (BT A A Z G K BT IR AT X Bh ) BB B A

Bl

AERFBAEEPIMIERNESEAA BHEER, REABZRSHEDT, CIFRT —R5M
HEHR, 12 RERRYLES BLEZTATAMRS@REEERBHTS E (6K 2002 4 4 B)
RAMART EXBEFIP. WG, ALRFWERZNS N T BEXFHEE+ LRHEEemE “=
P Z I v R RS BT B AR P (I H 465 :2001BA704B01 ), 45l v [ e i 435 )
e RGP 9T B2 AR AR B X AR S AR (S AR RN SR .

B4

A: BB

[Al] ®&E, %, K EALSAGRISENE, HERREY B RMEER SR, SAFESMEE, 47-51
UL, PIEEEERLS AR, dbs, 2002 4F 10 A1 AR

[A2] BhdEds, 2%, RPHIEASRSBAZARBRIARMESYT, HEFRABEEFERS, NS0,
278 28051 R AR AR, dbRt, 2002 4 10 A% 1R

[A3] B, %, Rl 128 FE A AT BRI, HERERABAER S, #ﬂﬂiiﬁhﬁm. 388-389
i fmilmﬁﬂ*ﬂu#ﬁft b5, 2002 4E 10 A4 1 R,

[Ad]  American Conference of Governmental Industrial Hygienists, TLVs and BEIs, p69, 1330 Kemper Meadow Drive,
Cincinnati, OH 45240-1634, USA, 2002.

[AS] WHO, Formaldehyde, Concise International Chemical Assessment Document 40, World Health Organization,
Geneva, 2002

[A6] HUtEy. RebFEg, HFHILERM], 105 51, 181 51, #AbAAER A, BRI 2001 F5 A
MR

[A7) %N, RARE., PhokME. 05, RERCGHAE -t b O s R SO R R o TR bR B 803
JEMRFUYTF, (N, 29 (7): 765-767, 2001

[A8] ZEM4E, BUVE, KRS, R, AR DA MG, 1998 4F 11 A H& Nielsen GD, Mechanisms of
activation of the sensory irritant receptor by airborne chemicals, Toxicclogy. 21(3): 183-208,1991.

[A9] EFEH, %, TR AKREOSLRYG, PEALTPAYM, 14451, 287-289 1, 1995

[A10] i3, E%ﬁ A AEREESE, Tk PASIERE, 28 %2 ), 118-120 51, 2002

[A11] #E2E, %, PR FERASKRUIR, PRIAERZERE, 122 16 W, 78-79 U1, 2002

[A12]  Eff, %, HIREXTREME/SRUAHTY AW R R MM, SRS, 9 % 6 M, 641-643 71, 2002

B: A SR R R R 3

[B1] #%. BB . A, X200, Foes. M. TSN, RO, A%, fER. JEW. 7 H

(B2] TRAFIE LR AR RTRR, PEPATEEAE, 2481 1 33-34 71, 2003 4F
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